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Traumatic transection of the thoracic aorta is a lethal 
condition that results in ininietliate death approxi- 
mately 8S% of the time.' Injury results from rapid 
deceleration secondary to a fall from a height or 
high-speed motor vehicle accident. Profound intralumi- 
nal hypertension, with pressures in excess of 2,500 mm 
Hg, are needed to generate a traumatic rupture2 in an 
area where the aorta is relatively fixed in position. 
Greater than 90% of the injuries arise in the descending 
thoracic aorta at the level of the ligamentum arterio- 
sum. An additional 5% of patients will sustain an aortic 
transection in the ascending aorta, just above the 
sinotubular junction, whereas the remaining 5% of 
patients sustain one in the distal descending thoracic 
aorta or aortic arch.< 
Patients surviving the initial insult are found to have 
a partial thickness tear of the aorta or a full thickness 
tear with the hematoma being contained by intact 
parietal pleura. The need for urgent intervention is 
highlighted by the fact that 46% of patients will expire 
in the 2 weeks after the injury. Nearly 98% of patients 
will not survive beyond 1 month. The small percentage 
of patients who evade initial detection are still at high 
risk for death. Approximately 20% of patients will 
rupture a traumatic pseudoaneurysm within 5 years of 
d e t e ~ t i o n . ~  The mere presence of the injury should be 
an indication for repair. The only exception to this is if 
the patient has other, life-threatening injuries that 
require immediate attention. These patients should be 
managed with aggressive beta-blockade and afterload 
reduction in an effort to decrease dP/dt and minimize 
intralumiiial wall tension.' However, this is a calculated 
risk and repair should be undertaken as soon as the 
patient is able to tolerate the procedure. 
The radiographic detection of a traumatic transec- 
tion is a rapidly evolving field. Angiography remains the 
gold standard for confirming the presence of an aortic 
transection with an accuracy of nearly 10070. Angio- 
grams also provide precise anatomic detail that allow 
for more careful planning of operative intervention. 
This test remains the diagnostic tool of choice in our 
practice. Three less invasive modalities, computed tomo- 
graphic (CT) scanning, transesophageal echocardiogra- 
phy (TEE), and magnetic resonance imaging (MRI), 
have also been applied to this tenuous patient popula- 
tion. CT has gained popularity because it is noninvasive 
and wiclely available. It is often used in the trauma 
patient to evaluate intracranial or intraabdoniinal in- 
jury. The addition of il chest wan does not greatly 
increase the amount of time spent in the radiology suite 
and the appeal of a single diagnostic procedure before 
surgical intervention cannot be discounted. To date, 
however, the accuracy of CT scans are only 90% in the 
best and most experienced hands and only when strict 
interpretation criteria are applietL6 Reliahle interpreta- 
tion must become more standardized hefore widespread 
application in the setting of acute aortic transection can 
be advocated. 
Aortic imaging using TEE has proven its use as a 
highly accurate method of diagnosing aortic dissection.' 
In limited reports, the accuracy has been shown to 
exceed that of CT scans in traumatic transections.' It is 
an attractive method because of its ready availability in 
both the emergency department and the operating 
rooms. However, interpretation can be obscured by 
the tracheal air column behind the distal aortic arch. 
Hypertension associated with the procedure may also 
precipitate rupture. Further experience with TEE 
may ultimately make it the modality of choice in this 
setting. MRI, although highly accurate, cannot be 
advocated for diagnosis of acute transections at the 
present time. Radiological interpretation is highly vari- 
able as is the quality of the machines. More importantly, 
it is time consuming and patients cannot be adequately 
evaluated and monitored while the procedure is being 
performed. 
The preferred method of surgical repair has been a 
hotly debated issue for decades. The simplest method 
remains the clamp and sew technique. Advantages 
include the elimination of anticoagulation ancl an opera- 
tive field free of the tubing and cannulae needed with an 
extracorporeal circuit or shunt. Advocates of this 
method have consistently shown low rates of paraplegia 
when the cross-clamp time can be kept to 30 minutes or 
less.y Some of the earliest repairs in the literature were 
performed using an extracorporeal circuit. "' Since then 
many methods have been advocated for repair of 
traumatic transections. These include partial left-heart 
bypass with and without heparin, femoral-femoral car- 
diopulmonary bypass with full dose heparin and passive 
shunts into the descending thoracic aorta from both the 
ascending aorta and the left ventricular apex. In 1992, 
a large meta-analysis reviewed over 1,700 cases of acute 
traumatic aortic transection repaired with a variety of 
the aforementioned techniques. This analysis suggests 
improved neurological outcome with the use of distal 
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ljerfusion, either heparin-less partial  hypasq or th r  iise 
of an aortic shunt ,  when compared with a simple 
cross-clamp technique. ’ ’ The use of full cartliopulmo- 
nary bypass was associated with a high operative 
mortality, 18.2%, despite a paraplegia ra te  of 2.4%. 
Any neurologic~al henefits tlerivrd from tliis metliod of 
distal perfiision appear  to he negated hy the  effects of 
heparin in a iiiulti-trauma patient. To date,  no  method 
has proven superior in any randomized. controlled 
trial. We currently use left atrial  to  femoral o r  distal 
aortic hypass, without heparin,  as our method of 
choice. The following figures illnstrate our technique. 
SURGICAL TECHNIQUE 
1 Arteriogram of a patient involved in 
a high-speed motor vehicle accident. The 
patient had a diagnostic peritoneal lavage 
that wab grossly negative. Because of a 
widened mediastinurn and a left-apical 
hematoma. hy underwent a standard aor- 
togram. This confirmed a contained. trau- 
matic aortic transrction just distal to the 
left subclavian artery. The remainder of 
the aorta, including the aortic root, is 
without evidence of injury. The great 
vessels are without anatomic anomaly. 
2 Complete aortic transection just distal to 
the left subclavian artery at the level of the 
ligamentum arteriosum. There is a transmural 
injury and the hematonia has been contained 
by the parietal pleura overlying the aorta. 
Obtaining proximal control of the aorta with- 
out entering the hematonia requires meticulous 
dissection. Occasionally it may be necessary to 
enter the pericardium and gain control of the 
distal aortic arch from within this space. Distal 
aortic control is easily obtained just heyontl the 
distal extent of the hematoma. If one is using a 
clamp and sew technique. distal aortic control 
may not be neressary if the open distal tech- 
nique is practiced. 
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3 If possible, the patient's airway is controlled with 
a double-lumen endotracheal tube. If this cannot be 
inserted, a bronciole blocker can be inserted into the 
left-mainstem bronchus under bronchoscopic guid- 
ance. Rarely, a single lumen endotracheal tube may be 
the only available method of controling the patient's 
airway. Precise placement into the right mainstem 
bronchus, just proximal to the orifice of the right 
upper-lobe bronchus, can provide an operative field 
with adequate visualization. In this situation, con- 
stant vigilance is a must to ensure adequate ventilation 
and oxygenation. A right-radial arterial line is in- 
serted and, if hemodynamic stability permits, a pulmo- 
nary artery catheter is placed as well. Alternatively, a 
TEE can be used to monitor hemodynamics through- 
out the operation. 
The patient is placed in the right-lateral decubitus 
position with the hips rotated posteriorly approxi- 
mately 30". This allows access to both femoral arteries 
if needed. A left fifth-interspace-posterolateral thora- 
cotomy is used for exposure. If greater exposure is 
needed, the sixth rib is removed in its entirety. As the 
incision is extended posteriorly, care must be taken 
not to enter the hematoma overlying the aortic injury. 
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4 Once proximal and distal control of the aorta are obtained, we use a 
partial bypass circuit, without heparin, to support the distal circulation 
during the period of aortic cross-clamping. The circuit is based on a 
centrifugal pump (Biomedicus, Inc, Minneaopolis, MN). A 26F wire- 
reinforced cannula is inserted into the left superior-pulmonary vein or left 
atrial appendage for venous inflow to the pump. Arterial perfusion is 
usually via a 20F wire-reinforced cannula in the distal, descending thoracic 
aorta. Flow is initiated immediately upon device insertion and is not 
discontinued until the repair is complete, to avoid the possibility of clot 
formation in a nonheparinized circuit. 
Distal perfusion is maintained between 2 and 4 L per minute. We do not 
monitor distal perfusion pressure, but rather attempt to control proximal 
hernodynamics as close to normal as possible with the perfusion circuit. 
Using partial bypass to control proximal hemodynamics allows us to 
minimize the use of systemic vasodilators and their potential for shunting 
collateral spinal cord-blood flow into systemic venous beds. 
Shed blood is processed and returned to the patient using the Hemonetics 
Cell Saver and Rapid Infusion Systems (Braintree, MA). A sodium 
bicarbonate infusion at 1 mEq/kg/hour is used during the period of aortic 
occlusion. Core temperature is maintained between 33" and 34°C during the 
period of aortic cross-clamping. 
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5 The common femoral artery, most commonly the left, can also be 
used for arterial inflow from the centrifugal pump. A 20F cannula is 
inserted through a transverse arteriotomy. In patients with diminu- 
tive femoral arteries a 15F or 17F arterial-perfusion catheter (Biomedi- 
cus, Inc) can be inserted and achieve adequate flow. Occasionally, 
with prolonged clamp times, thrombus can form in the distal 
femoral-arterial tree and may require extraction with an embolec- 
tomy catheter prior to arteriotomy closure. Use of the common 
femoral artery may be preferred in a patient of small stature in whom 
the operative field in the chest is easily cluttered with the necessary 
cannulae and tubing. 
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6 Most traumatic aortic transections require control of the 
aorta proximal to the left subclavian artery. Access to this area 
from within the pericardium may be the safest method to minimize 
the chance of hematoma entry. A cross-clamp is placed between the 
left common carotid artery and the left subclavian artery and a 
large “bulldog” clamp is placed on the left subclavian artery. The 
anesthesiologist is asked to palpate the left carotid pulse to ensure 
that it has not been occluded. A clamp is then applied to the aorta 
distal to the injury. The aorta is opened and all intercostal arteries 
within this segment are oversewn with 2-0 silk sutures. The aorta is 
then transected circumferentially and dissected off of the esopha- 
gus until adequate proximal length has been achieved. A woven, 
Hemashield Dacron graft (Meadox Medicals, Oakland, NJ) of 
appropriate size is chosen. The anastomosis is performed in a 
running fashion with a 3-0 Prolene suture on a SH needle (Ethicon, 
Inc, SomerviUe, NJ). Any areas of concern in the anastomosis are 
reinforced with pledgetted, horizontal mattress sutures of 3-0 
Prolene (Ethicon, Inc). 
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7 After completing the proximal anastomosis, the bulldog clamp 
is removed from the left subclavian artery and the cross-clamp is 
moved below the anastomosis. Additional collateral blood flow to 
the spinal cord is now provided through the left vertebral artery. It 
also allows examination of the entire proximal suture line with 
repair of any leaks being easily completed. The distal anastomosis 
is then completed in a similar fashion with a running 3-0 Prolene 
suture. Before completing the distal anastomosis, the distal clamp 
is released and the graft is de-aired. The proximal cross-clamp is 
then slowly released. Transient hypotension is usually treated with 
rapid volume resuscitation through the Rapid Infusion System. 
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8 The completed anastomosis. Once he- 
modynamic stability is achieved, flow 
through the extracorporeal circuit is dis- 
continued. All cannulae are removed and 
cannulation sites reinforced with 4-0 
Prolene sutures. Appropriate blood prod- 
uct replacement assists in obtaining meticu- 
lous hemostasis. Two, 36F thoracostomy 
tubes are inserted into the left pleural 
cavity prior to closure. The thoracotomy i s  
closed in the standard fashion. Once the 
patient is placed back in the supine posi- 
tion, attempts are made to insert a single 
lumen endotracheal tube. 
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Postoperative Care 
On arrival in the intensive care unit, a warming blanket 
is placed on the patient. Hernodynamics are managed 
with the appropriate inotropes and afterload reducing 
agents. A mean-arterial hlood pressure of approxi- 
mately 80 mni Hg is desira1,le. The coagulation arid 
acidhase status is assessed and volume is given as 
guided by central hemodynamic monitoring. The pa- 
tient’s neurological status is assessed upon awakening. 
Deficits in lower extremity function are treated by  
increasing the mean arterial pressure to near 100 mm 
Hg in an attempt to improve collateral spinal-cord 
blood flow. If neurological recovery is initially good but 
then deteriorates, insertion of a spinal drainage cath- 
eter should be considered. This can alleviate elevated 
pressure within the spinal canal and enhance recovery 
of function. The remainder of the patient’s hospital 
course is usually dictated by their status from a trauma 
perspective. 
Comments 
Acute traumatic transection of the aorta remains an 
injury with a very high mortality. Of the 15% to 20% 
that reach the hospital alive nearly one third succumb 
in the hospital to other injuries sustained in the acci- 
dent or to a failure of early diagnosis.1’ For those 
reaching the operating room in hemodynamically stable 
condition, the operative mortality is approximately 
20% with one third experiencing an intraoperative 
death. Surgery to repair this injury has evolved and 
multiple methods, of varying complexity, have been 
touted for use. The earliest reports espoused the use of 
an extracorporeal circuit, either passive or active. 
However, simplicity led to a growing body of literature 
using the simple “clamp and sew” technique. For those 
surviving the operation, the issue of paraplegia remains 
paramount and the medicolegal issues related to it have 
caused cardiothoracic and trauma surgeons handling 
these cases to explore improved methods of spinal cord 
protection. Von Oppell et all’ discuss this in their 
meta-analysis on traumatic aortic rupture. 
In this meta-analysis, paraplegia complicated 9.9% 
of the repairs performed in 1,492 patients. An addi- 
tional 2.6% of hospitalized patients were paraplegic 
before surgical intervention either from direct spinal 
cord trauma or vascular insufficiency secondary to the 
transection. Patients undergoing repair with a “clamp 
and sew” technique had a 19.2% paraplegia rate among 
443 repairs with an perioperative mortality of 16%. 
Details of the surgery were not given. Those with distal 
perfusion, maintained either passively or actively, had 
paraplegia rates of 11.1% and 2.3%,  respectively. The 
mortality in this subgroup was approximately 10%. 
This was despite the fact that the mean duration of 
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aortic occlusion u as nearly 10 minutes longer for those 
Ijeing repairetl with thr assistance of distal perfusion. 
Howecer, there w a s  no report of Injury Severity Score 
or  other demographic data to allow meaningful compari- 
son of the various proups. Adtlitionally . this report did 
not examine the efficac! of other acljunrts for spinal 
cord protection such as regional spinal cord cooling. 
rere1)rospinal fluid drainage, evolted potential monitor- 
ing, or intrathecal papaverine or  naloxone. Although 
this data suggests that distal perfusion is vital in 
reducing the incidence of paraplegia when repairing 
acute traumatic aortic transections, there are no ran- 
domized, prospective trials to support its routine use. 
Each center must critically assess its capabilities in 
managing such overwhelming injuries and chose the 
method that provides the safest means of re-establishing 
aortic continuity. Rapid diagnosis and transport to the 
operating room may eventually prove to be more 
important in reducing morbidity and mortality than the 
surgical technique. 
1. 
2 .  
3 .  
4. 
3. 
6. 
- 
I .  
8. 
9. 
10. 
11. 
12. 
REFERENCES 
Parmley LF, Mattingly TW, Manion WC,  et al: Nonpenetrating trau- 
matir injury of the aorta. Circulation 17:108h-1101. 1958 
Zehndrr MA: Delayed post-traumatic rupture of the aorta in a young 
healthy individual after closed injury: Mrrhanical-etiological consider- 
ations. Angiology 7252-261, 1956 
Fisclirr RP. Pt-pr PE. Parks DH. et al: Acatlrmir cnnsecpenrrs nf a 
trauma systrm failurr. J Tranma 30:784-791. 1990 
Bennett DE. Cherry JK:  The natural history of trauniatir aneurysms of 
the aorta. Surgery 61:516-523, 1967 
Walker WA. Pate JW: Medical mauagement of acute traumatic rupture 
of thr  aorta. 4nu Thorar  Surg 50:965-967, 1990 
Agee CK. Metzler MH. Churchill MD, et al: C o m p t e d  tomographir 
evaluation to exclude trauniatir aortir disruption. J Trauma 33:876-881. 
1992 
Simon P. Owen AN, Have1 M ,  et al: Transesophageal erhorardiography 
urgical management of patitxiits with aortic, dissection. 
J Thorar Cardiovasc Surg 103:1113-1118. 1992 
Burkniastrr MJ, Kearney PA, Jonhson SB, et al: Further  experirnre 
with transesophageal echorardiography in the evaluation of traumatic 
aortir injury, EAST a1)strart. J Trauma 353983. 1994 
Katz NM, Blarkstone EH, Krkl in  JW, et al: Incremental risk factors for 
spinal cord injury followi 
transertion. J Thorac C a d i  
Gerhode F. Braimbridgr M. Osborii JJ ,  et al: Traumatir thoracic 
aneurysm: Treatment I)y resertion and grafting with thr  iisc of an 
extracorporeal bypass. Su rgery 4 2  : 975-989, 1957 
Von Oppell UO. Dunne TT. De Gront MI<. rt al: Trauniatir aortir 
rnptnre: Twrnty-year metaanalysis of mortality and rikk of paraplegia. 
Ann Thorar  Sorg 583585.593. 1994 
Duliayli~iig~od FG, Glower DD. Wnlfe WIG: Acute traumatic aortic 
aneurysm: The Duke rxpc4enre fi-om 1970 to 1990. ,J Vasr Surg  
1.5 : 33 1-34,?. 1992 
